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INTRODUCTION 
Since before I85O it has been known that plants 
may utilize either ammonium or nitrate salts as nitrogen 
sources. 
Some reports are available, which indicate a super- 
t 
iority of ammonium nutrition over nitrate. It is thought 
that higher yields obtained in some cases with ammonium 
nitrogen result from the fact that ammonium is a reduced 
form of nitrogen vjhich can be readily assimilated without 
the intervention of the reduction process requiring high 
energy. At a near-neutral pH of the nutrient solutions, 
ammonium ions may enter the plants more readily than 
nitrate ions. 
At the same time, hoi-jever, experiments have shovm 
that in many higher plants prolonged application of 
ammonium as a source of nitrogen or high concentration 
of this ion leads to serious physiological and morpho¬ 
logical disorders. Plants are especially sensitive during 
the seedling stage. 
The purpose of present study was to determine: 
1. The ranges of concentrations in v/hich ammonium 
2 
and other ions have an inhibitory effect on 
physiological processes, including photosyn¬ 
thesis, chlorophyll formation, respiration and 
protein synthesis in greening cucumber cotyle¬ 
dons. 
2. V/hether ammonium ions have a specific effect on 
these physiological processes during germination. 
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LITERATURE REVIEW 
Germination describes all processes involved in 
the resumption of the grov/th of the embryo after it has 
been dormant in the seed. Certain conditions must prevail 
before this renewed grovjth will take place. The major 
requirements for this growth are: 
- a supply of water 
- a supply of oxygen 
- a favorable temperature (the optimum for 
many seeds is between 25® - 30®C) 
Some seeds also require light ( 10, 13 , 58 ). 
The first process, vihich occurs during germination, 
is the uptake of water by the seeds. This is due to the 
process of imbibition during which seeds increase in 
volume. In the seeds the chief component v/hich imbibes 
water is the protein (49). Hov/ever, the mucilages of 
various kinds, cellulose, and pectic substances v/ill 
contribute to swelling. Starch does not add to the total 
sv/elling of the seeds, even v/hen large amounts are 
present ( 49 ) since it svvells only at a very acid pH or 
after high temperature treatment. The swelling of seeds 
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therefore, to some extent, reflects the storage materials 
present in the seeds. The stored food reserves are most 
often in an insoluble form. Before they can be used by 
the embryo they must be rendered soluble and diffusible. 
This process is called digestion and proceeds only v/hen 
there is an abundant supply of v/ater present. The diges¬ 
tion of the storage components is necessary to provide 
the materials for the increased respiration of the seeds 
( 38 ). 
The dry seed is characterized by a remarkably low 
rate of metabolism. This is partially a direct result of 
the almost complete absence of water in the seed (only 
5 to 10 fa) ( 38 ). 
A seed has germinated when the radicle has emerged 
from the seed coat, but germination is usually considered 
complete only v/hen the seedling has become independent 
plant. So the seedling stage of the plant lasts from the 
time the embryo emerges from the seed until it becomes 
independent of the stored food reserves of the seed. 
In seeds containing endosperm, the stored foods are diges¬ 
ted and transfered to the cotyledons of the embryo and, 
from them, translocated to the hypocotyl (primary stem), 
the radicle (primary root) and the plumule (primary 
leaves) ( 20 ), 
One of the most frequently used criteria for deter- 
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mining the rate of metabolism is the rate of respiration. 
Even in its most quiescent state, a seed carries on 
respiration. When the embryo resumes growth, much more 
energy is needed, and hence a supply of oxygen is 
necessary. Thus the first easily observable metabolic 
change in the seed, vjell before other germination 
processes are apparent, is an increase in the respirato¬ 
ry rate ( 23, 49 ). 
Another change during germination, is the breakdown 
of reserve materials in the seed. This reaction again is 
initiated by the hydration of the proteins. These changes 
occur even vjhen the seed is placed in only v;ater, viithout 
any nutrients ( 23, 49 ). 
The chemical changes vjhich occur are complex in 
nature. They consist of three main types ( 23,38, ^9 ): 
1. - the breakdown of certain materials in the seed. 
2. - the transport of materials from endosperm to 
embryo and from cotyledons to the growing 
parts. 
3. - the synthesis of new materials from the break- 
dovm products formed. 
All seeds contain proteins. It is observed that 
there is a breakdown of proteins in the cotyledons as 
v/ell as appearance of new protein in the other parts of 
the seedling (10, 38 ). It may be assumed that proteins 
are broken down due to attack by proteases and that these 
6 
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enzymes increase in activity as germination proceeds. 
The breakdown results in the appearance of free amino 
acids and amides ( 10, 38 ). 
All these foregoing processes occur in seeds germi¬ 
nated in light or darkness. Chlorophyll formation and 
subsequently photosynthesis are known to require light. 
The first site of chlorophyll formation is the cotyledon 
and plumula when they come out of the seed coat and are 
exposed to the light. In dark-grown seedlings only pro- 
plastids are formed. But, v/hen etiolated cotyledons are 
exposed to the light, proplastids undergo great struc¬ 
tural and biochemical changes and form chloroplasts, It 
was reported ( 12 ) that there is a complex pattern of 
changes in the levels of chlorophyll and enzymes of the 
photosynthetic carbon reduction path during the first 
12 hrs of illumination of etiolated maize leaves. The 
photosynthetic carbon reduction starts after approxi¬ 
mately 6 hrs v/hen there is a rapid accumulation of 
chlorophyll. The first photosynthetic enzyme, the activi¬ 
ty of v/hich was rapidly increased, was Ru-diP-carboxylase, 
Later (6 to 12 hrs) Ru-5-P-kinase activity begin to in¬ 
crease ( 16, 19 ). 
Factors Affecting Germination, 
-The seeds are usually situated in or on the germi¬ 
nation medium. Therefore the conditions will depend on 
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the nature of the medium, its chemical composition and 
physicochemical structure. Also their depth in the medium 
v/ill influence seed aeration as well as penetration of 
light. The chemical composition of the medium may affect 
germination in a number v/ays ( 38 ). The medium may have 
a salt content in sufficient concentration to osmotically 
prevent germination. Structure of the medium will affect 
the aeration and water content. 
The salt concentration in the environment of the 
grovjing seedlings is a very important factor affecting 
germination. It v;as found that during the germination 
processes there is no requirement for exogenous salt 
supply ( 38 ). Embryos use stored compounds from the 
endosperms in growth. The only external factors necessary 
are vjater, oxygen, suitable temperature and light. So in 
this very early stage of plant grovjth inorganic salts in 
general maintain the osmotic pressure in the plants* 
environment ( 38 ). Very high osmotic pressure will 
inhibit germination (e.g., high osmotic pressure caused 
by sugars is a factor which prevents seed germination 
in certain fruits)( 39 ). The exception to this general 
effect is the specific action of ions ( 38, 50 )• They 
act as promoters or inhibitors of the germination process 
and metabolic activities connected v/ith it. 
8 
Ammonium Ions, 
It has been observed by many investigators that 
ammonium accumulation in plant cells was toxic to germi¬ 
nating seeds. Experiments with a number of plant species 
supplied with ammonium nitrogen show that growth was 
restricted and changes in concentration of inorganic and 
organic compounds occured ( 17, 2? ). Ammonium-gro;m 
tissues shovj higher concentration of amino acids but much 
lovjer accumulation of organic acids ( 48 ), Increasing 
the concentration of ammonium salts results in more 
pronounced changes in composition. 
Despite the great amount of work done on ammonium 
accumulation and toxicity, the precise physiological 
bases of the mechanism involved have not been elucidated. 
The relationship betv/een ammonium toxicity and the 
uncoupling process in the energy production steps - 
phosphorylation - has been studied by a number of 
scientists. In 1959 Krogman ^ ^ ( 29 ) and Avron in 
i960 ( 2 ) observed that in lovj concentrations the 
ammonium ions enhance transport in photosynthesis by 
uncoupling photophosphorylation. At 6 mM concentration 
ammonium inhibited photophosphorylation ( 24 ). Therefore 
the energy produced during photosynthesis v;as limited. 
Krogman ^ ^ in 1959 ( 29 ) noticed that ATP formation 
can be reduced by 50^ in 6 mM concentration of ammonium 
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salts. At higher concentration ( 6 mM) a reduction of 
CO^ fixation in many plants treated v/ith ammonium salts 
has been observed ( 26, 5^, 59 ). 
The connection betv;een ammonium toxicity and pro¬ 
tein metabolism has also been studied. Changes in protein 
metabolism, since it is connected with enzyme production, 
presumably would affect many physiological processes. 
Barker ^ al in I966 ( 8 ) reported that protein 
synthesis in shoots might be depressed as ammonium accu¬ 
mulated and the degradation predominated over synthesis. 
They also shov/ed that the high concentration of soluble 
nitrogen compounds accumulating under ammonium nutrition 
was largely derived from endogenous sources. Chlorosis 
of plants treated with ammonium was reported to occur in 
conjunction with an imbalance between the soluble and 
insoluble nitrogen compounds. 
In i960 Vines and Wedding ( 60 ) noticed the inhi¬ 
bition of respiration in the presence of ammonium salts. 
Others reported ( 6, 39 ) that respiration may be 
similarly affected by altered protein metabolism. As 
treatment vjith ammonium continues, the presumed altered 
protein metabolism may affect the enzymes of the respi¬ 
ratory cycle resulting in a decrease in respiration rate, 
V/ithin the leaves of higher plants, most protein 
is chloroplastic and it undergoes a very rapid turnover 
rate. These chloroplastic proteins are found in the 
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stroma and in the complex system of lamellar membranes 
of lipoprotein. Therefore it v;as expected that ammonium 
would cause morphological changes within the chloroplasts. 
Puritch and Barker in 196? ( 40 ) reported the 
degradation of chloroplasts after prolonged excessive 
ammonium nutrition. They observed the development of 
many vesicles from fretwork. Grana lamellae swelled and 
disappeared. This of course caused simultaneous chloro¬ 
phyll loss and decrease in photosynthetic rate or sharp 
reduction in photosynthetic capabilities. Barker ^ ^ 
( 4 ) also noticed that ammonium injury during germina¬ 
tion inhibited greening and limited the increase in fresh 
weight of seedlings. 
Results from studies of plant gro;'jth and develop¬ 
ment shovj that ammonium is toxic to most plants and that 
its toxicity occurs in all stages, v/ith the greatest 
susceptibility being in the juvenile or seedling stages. 
Irreversible inhibition of germination by ammonium 
ions has been investigated ( 4 ) in species from the 
following families: Gramineae, Leguminoseae, Compositeae, 
Crucifereae, Labiateae, and Cucurbitaceae; on the other 
hand, Allium seedlings can germinate in the presence of 
high concentration of ammonium salts. Cucumber plants 
are easily injured by ‘salts and are representative in 
their responses to ammonium ions ( 43 ). 
Ammonium toxicity symptoms appear when ammonium 
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accumulates in plants ( 8 ). To reduce the toxic effect, 
the excess ammonium ions may be rapidly converted into 
such organic nitrogenous storage compounds as the amides, 
glutamine and asparagine ( 10, 48 ). These compounds are 
synthesized very rapidly under ammonium nutrition and 
therefore the utilization of carboxylic acids increases. 
At the same time, carbohydrate reserves diminish within 
the cells ( 6 ), The experiments done v/ith some ketoacids 
like c<.~ketoglutarate and pyruvate ( 21 ) shovj that they 
may act as "ports of entry" through which reduced nitro¬ 
gen compound, like ammonium, may enter into the combina¬ 
tion with carbon to form amino acids. Some experiments 
shovj also that pH influences ammonium accumulation in 
plants. When roots are nourished from nutrient solution 
containing ammonium salts, a substantial increase in 
solution acidity occurs as a result of the rapid absorp¬ 
tion of ammonium compared to the absorption of associated 
anions. Sheat, Fletcher and Street ( 44 ) reported that 
when the pH is close to 4, free ammonium and soluble 
organic nitrogen accumulates in bean leaves, and when 
« 
the pH is close to neutrality, accumulation occurs in 
root tissues, implying that ammonium ions serve as an 
effective source of nitrogen, v/hen acidity is maintained 
near 7. Calcium carbonate was found to be a very effec¬ 
tive buffer ( 7, 44 ). Plants then can utilize ammonium 
nitrogen for a longer period of time v/ithout toxicity. 
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Other Ions, 
Evidence concerning the influence of various salts 
on seed germination and plant development further sub¬ 
stantiates that ammonium ions have a specific toxic 
effect on physiological processes. Experiments conducted 
vjith other univalent ions such, as K*^ and Na’*', show that 
their salts do not affect the physiology of germination 
in the same manner as ammonium salts ( 38 ). In fact they 
are even thought to be promoters of grovjth and develop¬ 
ment, Plants deficient in ( 22 ) usually contain a 
higher percentage of soliAble N compounds and lower pro¬ 
tein content than plants grovjing on an adequate supply 
of K*^. Considerable indirect evidence is available to 
show that K*^ is an essential factor in protein formation 
in plants. Adequate K"^ supplies have been shovm to less¬ 
en the chances of ammonium toxicity ( 39 ). At the en¬ 
zymatic level K'*’ can act as an activator for a number 
of enzyme system such as fructokinase, pyruvic acid 
kinase, and transacetylase ( 22 ). V/ebster ( 6l ) re¬ 
ported the absolute requirement for potassium in the 
activation of enzymes vjhich synthesize certain peptide 
bonds. He has also indicated that potassium ions enhance 
the incorporation of amino acids into protein. 
Sodium ions may substitute in part, but not com¬ 
pletely, for the potassium requirement in a number of 
plants ( 50 )• 
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Inhibitors. 
Work done with other metabolic inhibitors such as 
cycloheximide ( l4, 18, 20 ) and chloramphenicol ( 33, 
3^> 35 ) emphasizes the relationship between protein syn¬ 
thesis and chlorophyll accumulation during the greening 
process. Cycloheximide inhibits cytoplasmic protein for¬ 
mation whereas chloramphenicol inhibits the same system 
in chloroplastic protein formation. Both systems have 
to cooperate in order to form normaly functioning chloro- 
plast, j 
The requirement of protein synthesis for maximal 
rates of chlorophyll formation could be due to the need 
for synthesis of enzymes requii'ed in the process of chlo¬ 
rophyll synthesis. But some experimentalists (v/orking 
v;ith actinomycin-D) argue against this interpretation 
( 34 ). It has been suggested that formation of stoichio¬ 
metric amounts of protein is needed rather than formation 
of catalytic amounts. Such a vievj envisions protochloro- 
phyllide attached to a protein needed for the conversion 
of protochlorophyllide to chlorophyll and/or for incorpo¬ 
ration of chlorophyll into lamellae ( 34 ), In experiment 
with leucine-C^^ ( 3^, 37 ) on greening seedlings grown 
for 12 hrs in light, it vjas found that the lamellar and 
soluble proteins of chloroplasts are the principal 
products of the amino acids incorporated in proteins. 
14 
Summation, 
From the literature, it appears that most investi¬ 
gators believe that ammonium affects the energy produc¬ 
tion steps and thus indirectly protein metabolism. 
Barker ^ ^ ( 4 ) previous observations on the synthesis 
of chlorophyll in etiolated seedlings, showed that there 
vjas a decrease in chlorophyll formation at high ammonium 
concentration. Lack of chlorophyll causes a reduction in 
photosynthetic rate and therefore diminishes production 
of assimilates. This, of course, will change plant me¬ 
tabolism, Therefore in our work we tried to investigate 
chlorophyll formation as a function of ammonium ion con¬ 
centration and associate these changes to such physiologi¬ 
cal processes as photosynthesis, respiration and protein 
formation. Possibly many physiological disturbances 
caused by ammonium toxicity can be related to chlorophyll 
formation and the associated decline in photosynthesis. 
15 
MATERIALS AND METHODS 
Plant Material. 
All experiments vrere conducted with cucumber seed¬ 
lings, Cucumus sativus L. , cultivar VJisconsin SMR 18. 
Seeds used for cultures were previously treated by the 
producer with captan fungicide, dieldrin insecticide, 
urea and calcium phosphate. 
Cultural Procedure. 
The cucumber seeds were planted in vermiculite in 
flats. The vermiculite base v/as kept damp and covered 
i-jith glass to prevent drying and kept in an incubator at 
25®C in complete darkness. After four days of germination 
the glass ;\Tas removed to allov; unhindered plant growth 
and v;ater was added periodically. Care was taken to main¬ 
tain dark conditions at all times. After three additional 
days (7 days of darkness) 24 to 30 cotyledons, selected 
for uniformity of grov/th, v;ere excised v;ith one inch of 
hypocotyl and transfered into 250 ml Erlenmeyer flasks 
with 150 ml of the desired nutrient solution. For control 
samples, seedlings v/ere kept in water. Cotyledons in 
different nutrient solutions were subjected to light 
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(500 ft-c) and constant temperature 25®C in the incubator. 
The samples were aerated with a flov; of compressed air 
through capillary tubes. They were allowed to grovr under 
such conditions for 48 hrs. All tests were done after 
periods of 8, 24, and 48 hrs.(occasionally additional 
measurements were taken at 0 and 72 hrs of elapsed time) 
of greening with 0.5 cm long hypocotyls with cotyledons 
(cut from previous length). 
Since it was previously found by Barker (unpublished 
data) that for times shorter than 8 hrs there was no sig¬ 
nificant change in the greening process, it vjas thought 
that this vias due to lag period in chlorophyll formation. 
Therefore, our first measurement was taken after 8 hrs. 
As it is known, green plants need light to produce chlo¬ 
rophyll. By studying carefully the biosynthetic pathv/ay 
of chlorophyll formation we notice that light is required 
in the last step of synthesis ( 10 ). Koski ( 28 ) found 
that light transformation of protochlorophyllide to 
chlorophyllide occurs very rapidly and after this rapid 
chlorophyll formation a lag period is observed. This 
small amount of chlorophyll rapidly produced, when 
etiolated plants are transfered to the light, is not 
enough to make plants green. The greening process, there¬ 
fore, is connected with continous formation of additional 
chlorophyll after a lag period. 
In all cases the pH of the test solution (after 
17 
48 hrs) and fresh weight of all samples were measured. 
The data in all of the tables and figures are 
averages of 2 to 4 experiments. V/ithin each treatment 
duplicate samples were used. 
Two statistical methods V7ere used to analyse the 
data: 
1, - standard deviation ( 15 ) 
2. - Duncan*s new multiple-range test ( 46 ) 
Photosynthesis and Respiration. 
Determination of photosynthesis and respiration 
were carried out at 8, 24, and 48 hrs on greening cotyle¬ 
dons. Each test was done with six randomly chosen cotyle¬ 
dons with 0.5 cm of hypocotyl. These cotyledons were 
placed in 15 ml Gilson reaction vessels in 0.5 ml of K2O 
to keep the tissue moist. A constant CO2 atmosphere was 
obtained by placing 0,6 ml of Pardee's buffer ( 57 ) in 
the center v/ell of the reaction vessel. The folded filter 
paper wick was placed inside the v/ell to increase the 
buffer evaporating surface, Pardee's buffer was prepared 
the'night previous to the experimental run and contained: 
6 ml diethanolamine 
6.8 ml H2O 
15 mg thiourea 
3 g KHCO3 
2,2 ml of 6N HCl 
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The manometric measurements were determined on the 
Gilson Differential Respirometer, Model GRP 20. Oxygen 
evolution was measured in light (15-minute intervals for 
45 min,), and oxygen consumption was measured in darkness 
(15-minute intervals for 45 min,). During this time, ves¬ 
sels viere shaken in a water bath at a constant tempera¬ 
ture of 25^C and illuminated from below with a light 
intensity of 1000 ft-c. After turning the light off and 
covering the respirometer vjith a black cloth the respira¬ 
tion was measured. In each case the measurements v/ere 
taken in duplicates and compared to the blank. Blank 
vessels contained the complete mixture except for the 
cotyledons. The photosynthesis and respiration measure¬ 
ments were carried out in the follov/ing test solutions: 
ammonium sulfate - concentration O.IN and O.OIN 
ammonium chloride - « ’ « 
potassium sulfate - « n 
potassium chloride - »t « 
potassium nitrate - « « 
cycloheximide - « ^ 
In order to get photosynthetic oxygen evolution 
values, the following calculation v/as made: 
Gross O2 evolution - O2 evolution in light + O2 uptake 
in darkness 
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Chlorophyll Measurements, 
A, General} 
Chlorophyll measurements v/ere taken from the v/hole 
sample (six 0,5 cm long hypocotyl with cotyledons) after 
8, 2h and 48 hrs of treatment v/ith different salt solu¬ 
tions, Cotyledons were very gently blotted and weighed 
to 0,01 g. Chlorophyll was extracted by grinding in 80^ 
(v/v) acetone-H20 solution in a Virtis 45 homogenizer 
for 5 to 8 min. The chlorophyll extract was filtered 
through V/hatman No 1 filter paper into .25 ml volumetric 
flasks. All samples were run in Beckman DU-2 Spectro- 
’photometer against the blank containing 80^ acetone. 
The optical density v/as measured according Amon's 
method ( 1 ) at 6^2 nm v/avelength, and then his equation 
was used to calculate total chlorophyll concentration: 
mg chlorophyll ^^652 ^ 
T g Fresh Weight 3^^. 5 ^ Fresh V/eight 
v/here 34.5 i^^ "the absorption coefficient in acetone. 
To test this method 60 samples v/ere run at 645 nm 
and 663 nm to get amount of chlorophyllg^ and chlorophyll^, 
respectively. Also the total chlorophyll v/as checked on 
these samples at 652 nm, and the following equation was 
used'to calculate total chlorophyll ( 31 )* 
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Ca+b ( 0.0202 + 0.00802 0D^^^).25 
- = Cg^ + = - 
1 g Fr. Wt Fresh V/eight 
These two methods yield different values of chloro¬ 
phyll but the difference was essentially constant as 
expressed by the following equation: 
^^^ab ^ ^^652 ) 
Chla + Chl^, ( ) 
= 0.94 i 0.02 
Consequently, because we are primarily interested 
in relative amounts of chlorophyll, vje utilized the sim¬ 
pler method. Measurements were taken for plants treated 
v;ith the same solutions used in the photosynthesis and 
respiration measurements. 
The amount of chlorophyll vjas expressed in mg 
chlorophyll per g of fresh v;eight of sample. 
B. Substrate Feeding;; 
1. Chlorophyll Synthesis. 
The substrate used in our experiment was succinate. 
The nutrient solutions prepared for etiolated plants to 
grow in light \iere enriched with succinate. Succinate 
final concentrations,© IM, O.OIM, O.OOIM, and O.OOOIM, 
v;ere made in O.OIN ammonium sulfate. Therefore, the 
treatments v/ere: 
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H20 
(NHj^)2S0i|,, O.OIN 
(NH^)2S0^, O.OIN + succinate, O.OIM (final cone.) 
« + succinate, O.OOIM n 
It + succinate, O.OOOIM n 
The chl.orophyll and fresh vjeight measurements vjere taken 
following the procedure described earlier, 
2, Chlorophyll Degradation. 
Seeds v;ere germinated in vermiculite in the light 
ujider greenhouse conditions. After seven days green 
cotyledons vjere excised and placed in 150 ml aerated 
solutions of: 
H20 
(NH^)2S0i^, O.OIN 
(NH2^)2S0^, O.OIN -f succinate, O.OIM (final cone.) 
It + succinate, O.OOIM n 
. « + succinate, O.OOOIM n 
in an illuminated 25^C incubator for 48 hrs. Chlorophyll 
measurements v/ere taken at 0, 24, 48 and 72 hrs (follov/- 
ing the described method), 
C. AginR of Cotyledons in Darkness and Its Effect on 
Ammonium Toxicity in the Greening Process: 
In order to study the effect of aging, a small 
modification v/as made in cultural procedures. Cucumber 
seedlings vjere growai in darkness for 6, 9 and 15 days. 
Subsequently the etiolated seedlings were excised and 
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put into the ammonium sulfate solutions at concentrations 
if 
of: O.IN, O.OIN, O.OOIN and O.OOOIN. Chlorophyll and 
fresh weight determinations V7ere made at 8, 24, and 48 
hrs, follovjing the procedure described earlier, 
D, Net Chlorophyll Synthesis Recovery from Ammonium 
Toxicity: 
The experiment was done with intact cucumber seed¬ 
lings, Seeds viere allov/ed to germinate for 6 days in 
light in the flasks containing the folloiving solutions: 
H^O 
(NH^)2S0ij^ O.IN, O.OIN, and O.OOIN 
cycloheximide 5 ppni 
and 
H^O 
K^SO^ O.IN, O.OIN, and O.OOIN (same for KCl) 
After six days, any seed coats, still adhering to the 
cotyledons, V7ere removed and seedlings were v/ashed in 
v/ater, returned to the flasks with 150 ml of water, and 
aerated for 4 days v/ith an illumination of ^00 ft-c at 
25^C. Subsequently the chlorophyll content and fresh 
weight vjere determined, 
E. Influence of Acidity Control on Ammonium Inhibitory 
Effect in Chlorophyll Synthesis: 
The experiment was done with intact seedlings. 
Etiolated, 6-day-old seedlings grovm in vermiculite 
were pulled out and transfered to 250 ml Erlenmayer 
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flasks containing 150 ml of: 
H^O 
HgO + 1.5 g CaCO^ 
(NH^)2S0^ O.IN 
0-lN + 1.5 g CaCO^ 
(NH^)2S0;^ O.OIN 
: {m^)^SOj^ O.OIN + 1.5 g CaCO^ 
Plants were subjected to the light (same conditions as 
in previous experiments). After 8, 24, and 48 hrs 0.5 cm 
hypocotyls vdth cotyledons were excised, and fresh vreight 
and chlorophj'-ll were measured. Also pH of all these 
samples was checked after 48 hrs of treatment. 
Nitrogen Composition. 
A. General: 
Both soluble and insoluble nitrogen fractions vjere 
determined. Etiolated cucumber cotyledons excised with 
1 inch of hypocotyl were exposed to light (500 ft-c, 25^C) 
and solutions: 
H20 
(NH/^)2S0ij, O.IN 
cycloheximide 5 PPn^ 
After 0, 8, 24, and 48 hrs the cucumber cotyledons v;ere 
taken for nitrogen determination. Samples of 1 g fresh 
weight were used, and amount of soluble and insoluble 
nitrogen was expressed in mg per g fresh weight. Samples 
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Were ground in 70% (v/v) ethanol in a Vir-Tis 45 homo- 
genizer for 5 "to 8 min, at a medium speed. The homo¬ 
genates v;ere centrifuged for 10 min at 7>000 g, and the 
supernatant fluid was decanted and stored for soluble 
nitrogen measurements. The residue was transfered to 30 
ml Kjeldahl flasks, 
B. Insoluble Nitrogen Content; 
Measurements were done follov/ing the microKjeldahl 
procedure described by Stubblefield and DeTurk ( 51 ) 
after the material stored in 30 ml Kjeldahl flasks was 
allowed to dry in the oven at 70^0 for two days. 
> 
Digestion; After drying, the following materials v/ere 
added prior to digestion; 
1.2 g K2HPO4 
0,6 g Fe2(S04)^ 
0.07 g HgO 
4 ml of concentrated H2S0^j^ 
The samples were digested at lov/ temperature until white 
fumes appeared. Then the temperature was increased, and 
t 
digestion was continued until the fumes disappeared and 
became canary yellow,' 
Distillation; Cool samples were diluted with 10 ml of 
distilled water. The distillation was conducted in the 
presence of 15 ml of the mixture (40^ NaOH - 1% sodium 
thiosulfate) v/hich v/as slowly added to the plant sample 
in Kjeldahl flask. The samples were distilled for 10 min 
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and distilled material was collected in Erlenmayer flask 
containing 10 ml of 2% boric acid - 6 drops mixed indi¬ 
cator containing: 
0.188 g methyl red 
0,124 g methylene blue 
made to 150 ml v/ith 95^ ethanol. 
Titration: The distillate was titrated with N/70 HCl and 
the amount of N was calculated according to the equation: 
mg N 1 meq (HCl) l4 mg (N) 1 
- =: __ . X ml HCl . . __ 
1 g Fr, Wt 70 ml (HCl) 1 meq (N) Fr,V/t 
finally: 
mg N 0.2 ml HCl 
1 g Fr.V/t Fresh V/eight 
C. Soluble Nitrogen: 
The ninhydrin method used was one described by 
Yemm and Cocking ( 62 ): 0.5 ml samples were taken from 
the alcohol soluble fraction, 1 ml KOH-borate buffer was 
added (to drive off NH^). Samples were then placed in a 
vacuum desiccator with a beaker of H2SO4 and KOH granules. 
After 24 hrs 1.5 ml of acetate buffer (pH 4.6) and 1.2 ml 
of the mixture (potassium cyanide-methyl cellosolve- 
ninhydrin) were added. The samples were heated for 15 min 
in boiling v/ater and cooled for 5 min with tap water. 
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After the volume was adjusted to 10 ml v/ith 70% ethanol, 
the optical density was measured on a Beclunan DU-2 
spectrophotometer at 570 nm against the blank containing 
the same solutions minus plant extract. The absorbance was 
determined according to the standard curve obtained with 
the amino acid mixture (Fig, l); 
5 iig / ml of asparagine 
'* aspartate 
” alanine 
•' leucine 
The amount of soluble nitrogen fraction found v/as 
expressed in mg per 1 g fresh weight. 
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RESULTS 
Experiments were conducted in order to determine 
the influence of ammonium and potassium ions and cyclo- 
heximide on some physiological processes connected with 
cucumber seedlings germination. Our goal was to determine 
if there v/as any relationship betv/een ammonium accumu¬ 
lation in plants and chlorophyll formation and related 
photosynthesis, as discussed previously. We also in¬ 
vestigated methods for prevention of ammonium toxicity 
as well as the recovery of plants previously exposed to 
ammonium toxic conditions, 
Photosynthetic Oxygen Evolution, 
The data revealed that ammonium and potassium 
salts in high concentration (O.IN) and cycloheximide 
(5-ppm) cause a strong inhibition of oxygen evolution 
(Table 1, 2, 3), After 24 and 48 hrs the decrease of 
photosynthetic rate is significant compared to the H2O 
control. Potassium salts at O.IN yield negative values 
indicating that seedlings were operating below their 
compensation point, i.e, their respiratory rate exceeded 
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their photosynthetic rate. 
At the lov/er concentration, O.OIN, results for 
ammonium and potassium salts appear to be different 
(Table 2, 3)« At 24 hrs (8hrs values are similar) ammo¬ 
nium salts cause a decrease in the photosynthetic rate, 
whereas potassium salts behave as a promotor relative 
to v^ater as the control. 
Table 1, Effect of Ammonium Sulfate and Cycloheximide 
on the Fhotosynthetic Rate of Oxygen Evolution in 
Excised Cucumber Cotyledons; ul O2 / 15 min,/ g Fr, Wt 
Cucumber seedlings v;ere grovm in darkness for 7 days 
and then the cotyledons v/ere excised and transfered 
to the test solutions and exposed to light for 48 hrs. 
Oxygen evolution \ias determined at 8, 24, and 48 hrs 
after initiation of the experiment. 
Treatment 
Hours of Illumination 
8 24 48 
H20 111 i 50 226 i 50 193 ^ 36 
(NH^)2S04 O.IN 64 i 50 6? i 30 98 i 6 
Cycloheximide 5 pprn 76 ^ 6 71 3 94 7 
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Table 2. Effect of Aimnonium and Potassium Salts on 
the Photosynthetic Rate of Qxypren Evolution in 
Excised Cucumber Cotyledons; ul O2 / 15 min. / g Fr. V/t 
Cucumber seedlings vjere grovm in darkness for 7 days 
and then the cotyledons v/ere excised and transfered 
to the test solutions and exposed to light for 48 hrs. 
Oxygen evolution v/as determined at 8, 24, and 48 hrs 
after initiation of the experiment. 
Treatment 
Hours of ' Illumination 
8 24 48 
39 ± 15 140 ± 2 200 i 4 
(NH^)2S0;^ O.OIN 46 ± 3 102 2 149 ^ 1 
NH^CL O.OIN 57 8 108 
J- 4 157 ^ 2 
K2SO4 0,1N 83 ± 3 89 11 -5 ^ 1 
K^SO^ 0,01N 56 ± 16 174 ± 22 185 ± 4 
KCl O.IN 82 i 18 110 13 -3^2 
KCl O.OIN 66 ± 23 170 ± 30 193 i 8 
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Table 3* The Effect Potassium Nitrate on the Photosyn¬ 
thetic Rate of Oxyf^en Evolution in Excised Cucumber 
Cotyledons: ul Qo / 15 min. / gc Fr. V/t 
Cucumber seedlings were grovm in darkness for 7 days 
and then the cotyledons were excised and transfered 
to the test soliitions and exposed to light for 48 hrs. 
Oxygen evolution vjas determined at 8, 24, and 48 hrs 
after initiation of the experiment. 
Treatment 
Hours of : Illumination 
8 24 
HgO 55 ± 2 149 i 11 217 ^ 11 
KNO^ O.IN 60 ± 6 70 ± 13 28 ^ 7 
KNO^ O.OIN 79 ± 1 186 i 24 178 ± 6 
KNO^ O.OOIN 118 ± 11 147 ± 19 186 i 11 
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Respiratory Oxypjen Uptake. 
Potassium salts at O.IN (Table 4, 5) caused a 
decline in respiration, but ammonium salts at O.IN 
distinctly increased the oxygen consumption and main¬ 
tained it at a high level through the experimrnt. 
Cycloheximide at 5 ppm and O.OIN potassium and 
ammonium salts did not affect the respiratory rate of 
oxygen consumption (Table 4, 5) relative to the control, 
there vjas a small decrease in the oxygen uptake rate 
after 48 hrs. 
Table 4. The Effect of the Ammonium and Potassium 
Sulfate and Cycloheximide on the Respiratory Rate 
of Oxypien Uptake; ul Op / 15 min. / g Fr. V/t 
Seven-day-old, dark-grovm cucumber cotyledons v;ere 
excised and placed in the solutions and exposed to 
light for 48 hrs. Measurements vjere taken at 8, 24, 
and 48 hrs on a Gilson Differential Respirometer. 
Treatment 
Hours of : Illumination 
8 24 48 
H20 302 ± 29 292 dr 11 184 i 46 
-(NH^)2S0^ O.IN 317 ± 11 356 dr 20 309 i 1 
(HH4)2S04 O.OIN 268 ± 11 263 ± 49 176 i 9 
K2S0^ O.IN 357 ± 12 295 + 2 124 ± 2 
K2SO4 O.OIN 282 ± 8 303 dr 3 171 i 21 
Cycloheximide 5 ppm 278 ± 18 236 d. 44 169 i 1 
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Table 5. The Effect of the Potassium Nitrate on the 
Respiration Rate of Oxygen Uptake; ul 0^ / 15 min./ 
g Fr. V/t ^ 
Seven-day-old, dark-grown cucumber cotyledons were 
-excised and placed in the solutions and exposed to 
light for 48 hrs. Measurements v/ere taken at 8, 24, 
and 48 hrs on a Gilson Differential Respirometer. 
Hours of Illumination 
Treatment ___ 
 8 . 24" 48 
H20 248 + 5 301 + 21 203 ± 30 
KNO^ O.IN 325 28 323 ± 18 170 dr 36 
KNO^ O.OIN 315 
+ 21 345 
•f 8 238 + 3 
KNO^ O.OOIN 323 ± 22 317 ± 9 235 d 4 
3^ 
Chlorophyll Content. 
A, Ammonium^ Potassium and Cycloheximide Effect on 
* 
Chlorophyll Content: 
Both O.IN ammonium and potassium ions and 5 ppm 
cycloheximide affected chlorophyll formation very 
drasticly (Fig, 2). The difference in chlorophyll content 
becomes apparent after 8 hrs. 
At a concentration O.OIN (Fig, 3) there is a 
significant difference betv;een ammonium and potassium 
salt treatments. Ammonium salts, both sulfate and chlo¬ 
ride, caused a substantial reduction in the accumulation 
of chlorophyll, while potassium salts had lesser effects. 
Results presented in a Fig. 4 shov; that potassium 
nitrate behaves as a promoting agent, at O.OIN for 
approximately 30 hrs and at O.OOIN during the entire 
experiment. 
The pK examined for all these treatments varied 
from 5*5 to 7,5 as illustrated in Table 6. 
35 
• 
0 E 
iH P \r> 
0 P • 
vr VO 
• 0 •p 
S 
o tH 
E 0 <0v 
•H 0 • 
« VO 
Q) 0 
P 
X cn 
w 0 
S rH tH 
CO 0 • 
-P « VO 
P 0 
P 
B 
0 S VO 
U tH 
P • D- 
CO 0 
a 
o 
s s 
t-^ VO 
rH 0 
rH • VO 
rH 0 
4:: 0 
P 
c s 
p rH • 
0 • JN- 
iH 0 
4:; 
0 
S 
P tH -:t 
•H ■ci- 0 • 
0 • VO 
CO CO 0 
P CNJ 
0 
t-1 s 
+3 tH € 
P « Cv- 
rH 0 
0 
CO 
(—I 
-p 0 tH VO 
p 0 • 
0 n: • VO 
•H 0 
P 
P> 
P s 
2; tH CO 
0 0 • 
cp CO • VO 
0 " CV2 0 
CO 
0 K 
p rH « 
rH # VO 
a 0 
> 0 VO 
C\J • 
VO 
p| -p 
• P 
\o 0 
B p 
0 -P 
iH cJ 
0 
c3 P 
Eh Eh 
36 
Pig. 2. Effect of Ammonium and Potassium Salts (cone. 
O.IN) and Cvcloheximide on Chlorophyll Accumulation 
in Etiolated Excised Cucumber Cotyledons Exposed to 
Light. 
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Fig, 3. Effect of Ammonium and Potassium Salts (cone, 
0,01N) on Chlorophyll Accumulation in Etiolated 
Excised Cucumber Cotyledons Exposed to Light. 
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Exposed to Light. 
B. The Effect of Substrate Feeding: on Chlorophyll 
Formation and Dep:radation uner Ammonium Toxicity 
39 
Conditions: 
The data (Fig* 5) suggests that succinate in lovj 
concentration, 10*“^^, can partially prevent the effect 
of ammonium toxicity in chlorophyll accumulation. The 
amount of chlorophyll produced in samples of this treat¬ 
ment at 24 hrs is almost equal to the control value. 
Succinate at 10~^M in 10 -N ammonium sulfate causes 
chlorophyll loss. In this case there may even be chloro¬ 
phyll degradation, because the amount of chlorophyll at 
48 hrs time is smaller than at 8 hrs. 
The pH v/as also observed (Table 7), 
Table 7. pH Values of Nutrient Solutions, 
Chlorophyll Synthesis Experiment, 
Treatment 
SO^ 
H_0 'I- 2 4 
Succinate in 
* ^ O.OIN O.OIM O.OOIM O.OOOIM 
pH 6.0 5.4 3.3 5.8 5.9 
Fig. 6 indicates that degradation of chlorophyll 
formed in cotyledons growing in vermiculite in light 
-2 -3 
conditions is accelerated by succinate at 10 M and 10 M 
in 10"^N (NH4)2S0ij,. Succinate at 10"%1 in 10"^N (NH^)2S0j^ 
slovjs dovm the degradation caused by ammonium salts. 
The pH vjas again checked and values were the same as in 
Table 7. 
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Pig. 5. Effect of Succinate (substrate feedinr) on 
Arnmoniuin Toxicity in Chlorophyll A-ccunxilstxon—Ln 
Etiolated Excised Cucuaber Cotyledons. 
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Fie. 6. rbinrnphvll Concentration under Ammonium 
and Ammonium plus Succinate Conditions in hxclscd 
Light-germinated Cucumber Cotyledons. 
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C. Ap:ing in Darkness Effect on Greening of Cucumber 
Seedlings in Ammonium Salts: 
Table 8 shows that the difference in ammonium 
toxicity effects on 6~day and 9~day-old cucumber seed¬ 
lings is not very significant. 
The concentrations O.OOOIN during 48 hrs and O.OOIN 
during 24 hrs were promoting agents in chlorophyll for¬ 
mation in 6-day old plants. 
Experiments with 15-day-old plants were also 
conducted, Hov/ever, 15 days is too long for etiolated 
cucumber plants to grow without an external food supply 
(^.e., all the plants died). 
The pH range for the ammonium treatments vjas 5-2 
to 6,0. 
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D. The pH Effect on Ammonium Toxicity in Chlorophyll 
Formation: 
Vhen the ammonium concentration is O.OIN, the 
addition of 1% CaCO^ (vj/v) diminishes the ammonium 
toxicity effects on chlorophyll accumulation (Fig. 7). 
Higher concentration of ammonium salts (O.IN) seem to 
have an irreversible toxic effect. 
The pH data shows that all nutrient solutions 
containing CaCO^ have higher pH (basic) values compared 
to slightly acid conditions in treatments without lime 
(Table 9). 
Table 9. pH Values of Nutrient Solutions 
_Treatment_pH 
HgO 6.6 
HgO + CaCO^ 8.1 
(NH4)2S0i^ O.IN 6.3 
(HHj^)2S0i^ O.IN + 1% CaCO^ 7.8 
(NHij^)2S0j;(^ O.OIN 6.5 
(NH.)2S0jj^ O.OIN + 1% CaCO^ 8.0 
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Fresh V/eight. 
Fresh weight over a 48-hr period is only affected 
by ions, both ammonium and potassium, at very high 
concentration, O.IN (Table 10, l4). In fact potassium 
salts in concentrations of O.OIN (Table 10, 11) and 
O.OOIN (Table 11) did not have any effect on fresh 
weight relative to the H2O control over 48 hrs. 
Tables 12 and 13 indicate that the use of lO^^M 
succinate plus ammonium sulfate (O.OIN) results in a 
smaller increase in fresh weight compared to ammonium 
sulfate (O.OIN) alone (this effect is obvious in chloro¬ 
phyll accumulation as v/ell as in degradation experiments). 
The pH of this treatment v/as very low (Table ?). 
Addition of CaCO^ diminishes the ammonium toxic 
effect on chlorophyll accumulation, as previous data 
shov/s, but appears , not to have any significant effect 
on plant fresh weight as compared to the v/ater control 
(Table l4). 
^7 
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Table 11. Effect of Potassium Nitrate on the Fresh 
Fr. Wt of 6 pairs of cotyledons : in grams • 
Treatment 
Hours Of : Illumination 
8 24 48 
HgO .35 ± .00 .41 ± .01 .54 i .02 
KNO^ O.IN .35 i .00 .41 ± .01 .36 i .01 
KNO^ O.OIN .39 i .02 .47 ± .02 .90 i .02 
KNO^ O.OOIN .37 i .01 .48 
± .01 .76 i .02 
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Table l4. Effect of Ammonium plus Lime on the Fresh 
Weight of C-reeninty Cucumber Cotyledons; Fresh V/eight 
of D pairs of cotyledons in grains. 
Treatment 
Hours of Illumination 
- 8 24 48 
H20 
•K- 
.32 .42 .48 
+ X% CaCO- .34 .39 .50 
(KH^)2S0^ O.IK ,28 .30 .32 
(NHi^)2S04 O.IN + 1% CaCO^ .34 .28 .30 
(NHi^)2S0i^ O.OIN .32 .36 .40 
(1^4)2^04 O.OIN 4 CaCO^ .32 .34 .50 . 
* 
SD 0,01 for all means within the table. 
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Total Nitrop:en Content. 
In all three treatments: H^O, O.IN (NHj^)2S0j^ and 
5 ppm cycloheximide, the insoluble-N-fraction (INF) 
content decreases with time (Table 15a). Only in presence 
of ammonium salts there is a slight increase of INF in 
the first 8 hrs. Cycloheximide causes a rapid decrease 
in the INF content of plants after 24 hrs. 
The soluble-N-fraction (SNF) (Table 15b) remains 
almost constant (slight decrease) in water control. 
However in samples of 0,1N ammonium (at 24 hrs) and 
5 ppm cyclohexim.ide (at 48 hrs) there V7as a significant 
increase in SNF content. 
The INF data (Table l6) shows almost no difference 
in the protein content of samples. Samples treated with 
ammonium salts shovj a slightly higher amount of proteins. 
In all treatments (except for high concentration, O.IN) 
there is slow decrease in INF content. 
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Table l6. Ammonium and Potassium Salts Effect on 
Insoluble (in 70/^ ethanol) Nitrop:en Fraction in Greening 
Cucumber Cotyledons; mg N / g Fr. Wt 
Hours of Illumination 
Treatment 
'W 
H20 6.03 i .07 7.02 i .02 5.3'! H
- 
• 0
 
0
 
(NH^)2S0i^ O.IN 8.28 ± .02 7.36 i ,02 9.43 i .00 
{NHj^)2S0i^ O.OIN 10.21 i .00 8.24 * .03 7.05 ^ *01 
NH/^Cl O.IN 8.76 ± ,01 5.42 .02 8.02 ^ .01 
HH^Cl O.OIM 10.89 i .01 7.96 i .03 5.66 i .01 
K^SO^ O.IN 11.62 i .01 7.25 i .03 7.56 ± .00 
K2^0i^ O.OIN 9.01 i .01 7.19 i ,05 4.59 i .02 
KCl O.IN 9.91 i .02 5.87 ± , 04 5.V6 i .01 
. KCl O.OIN 11.35 ^ .03 8,66 .02 4.54 i .01 
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Seedling Recovery in V/ater After Salts Treatment. 
Measurements of reversibility of the ammonium 
inhibition v^ere obtained by determining: 
1, The number of seedlings which became green, 
2, The chlorophyll contents and changes in fresh 
vjeight of seedlings. 
Increase in either of these tv70 parameters were 
indications of removal of the inhibition. 
Germination of most of the seedlings was sharply 
inhibited by at 0,1N and O.OIN and 5 ppni 
cycloheximide (Table 17), Some degree of reversibility 
was found in all treatments except O.IN (NHj^)2S0j^ 
(Table 17, 18). In this case seeds had disintegrated. 
Even at the lov/er ammonium concentrations, in vjhich, part 
of the inhibiting effect vjas reversible, some degree 
of permanent injury was done to seed development. 
Ammonium salts and cycloheximide hindered greening and 
caused a decrease in fresh vjeight. 
Potassium salts (sulfate and chloride) inhibited 
germination only v/hen the concentration vjas 0,1N, but 
this inhibition was slightly reversible. Potassium salts 
seem to have a slightly stimulatory effect on chlorophyll 
concentration and fresh weight (Table 18), 
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Table 1?. Effects of (MH/i.)oSO/], and Cycloheximide on 
the Germination in the Li^ht of CucurnbeF~Seeds. 
(NH^)2S0^ Cyclo- 
• COIN .OIN 
lie 
.IN 5 ppm 
Seed Response: 
3 days {% emergence) 96a 96a 95a 93a 97a 
6 days germination) 75a 79a 42 b Oc Oc 
Seedlings Recovery 
Jk/ Sf 
in Water: 
Seedlings becoming green 
\jo of total) 88c 90c 77b Oa 88c 
Chlorophyll Content 
(mg / g Fr, Wt) , 46d .25c .15b Oa .27c 
Fresh \7eight of Green 
Seedlings; g / seedling .25c .25c .19b Oa ".17b 
Count at 3 days time vjas based on mere emergence of 
the primary root from the seed; at 6 days time germina¬ 
tion was as described in USDA Handbook No, 30, 
For seedling development, seed coats were removed, and 
seeds or seedlings were washed and placed in water for 
4 days. 
V- 
No seedlings developed - seeds disintegrated. 
Within rows, values followed by different letters are 
significantly different at the probability level. 
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Table 18. Effect of Potassium Salts ( KCl and KqSO;, ) 
on the Germination of Cucumber Seeded 
Concentration of Potassium 
_ _Salts _ _ 
' 0.OQlN ,01N .IN 
Seed Response: 
3 days {fp emergence) 85a 89a 87a 86a 
6 days {% germination) 83b 80b 74b Oa 
Seedlings Recovery in V/ater: 
Seedlings becoming green 
{% of toatl) 85c 80bo 68b 22a 
Chlorophyll Content 
(mg / g Fr. Wt) .30b .40c .34bc . 08a 
Fresh Weight of Green 
Seedlings; g / seedling .27b .30b 
O
 
1 1 
. 12a 
Within roT'js, values follov;ed by different letters are 
significantly different at the probabilty level. 
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DISCUSSION 
The evidence obtained from this investigation has 
shown that some salts- may have a very specific toxic 
effect on seed germination. It was determined that ammo¬ 
nium ions have a specific toxic effect on the germination 
process in cucumber seedlings. Greening of cucumber coty¬ 
ledons was affected by ammonium sulfates and chlorides 
at a concentration as low as O.OOIN (Table 8 ). The 
amount of chlorophyll produced in excised, etiolated 
cucumber cotyledons was significantly reduced compared 
to the water control and potassium salts (Fig, 3i ^)• 
It v/as also found that succinate at a low (O.OOOIM) con¬ 
centration partially prevents the adverse effect of 
ammonium toxicity on chlorophyll formation (Fig, 5)« 
Adding 1% CaCO^ to O.OIN and lower concentrations of 
ammonium salts buffers the pH of the ammonium solution 
near 7 and reduces its toxic effect (Fig. 7). 
As a consequence of the reduction in the amount 
of chlorophyll, the photosynthetic oxygen evolution rate 
was also diminished. However, respiratory oxygen uptake 
increased when a concentration, 0,1M, of ammonium salt 
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v;as applied (Table 4). 
In O.IN concentration of salts, potassium as v/ell 
as ammonium ions inhibited germination of cucumber seed¬ 
lings, i.e.,greening, photosynthesis, growth, and injury 
v/as severe* Such a salt effect is very common. According 
to many authors, high osmotic pressure has an inhibiting 
effect on numerous physiological processes in many plants 
( 39, 50 ). Especially in the seedling stage a great 
amount of viater has to be taken up in order to fulfill 
the requirement for digestion of stored material in 
seeds and for sufficient dilution of protoplast enabling 
renewed physiological activity. 
A discussion of some of the specific and general 
effects of salts on the germination of cucumber seeds 
follovjs: 
1, Chlorophyll Formation. 
A. Effect of Salt Concentration and Species: 
Other investigators have observed that, dark-grown 
—plants upon exposure to light rapidly produce a very 
small amount of chlorophyll ( 28 ). A lag phase, v/ith 
a low rate of chlorophyll synthesis follows. The lag 
period lasts for 2 to 8 hrs and depends upon the type 
of plant. Previous investigators found that the lag period 
in chlorophyll formation for cucumber seedlings lasted 
approximately 8 hrs ( Barker's unpublished data ). 
6i 
Therefore most chlorophyll present in our plants at 8 hrs 
v/as formed by the light reduction of protochlorophyllide 
already formed in darkness. At the end of 8 hrs there is 
almost no difference in the amounts of chlorophyll formed 
de novo in light. Therefore the ion influence on chloro¬ 
phyll production cannot be observed until completion 
of the lag period (i. e. 8 hrs). 
As discussed previously in the literature review, 
concentrated salt solutions have a toxic effect on plant 
physiological processes regardless of the cations present 
( 50 ). As expected, our results v/ith 0,1N K and O.IN 
4- 
NH|j^ salts show that chlorophyll formation is greatly 
suppressed and undoubtedly primarily due to the relatively 
high osmotic pressure at this ionic concentration* 
At O.OIN salt concentration, osmotic pressure is 
not sufficient to suppress plant development ( 39 ). 
However, there is a significant difference in chlorophyll 
formation when K or NH^ salts are used. Ammonium salts 
suppress chlorophyll formation whereas potassium salts 
do not. 
There is a slight difference among three anions 
used in our experiments. Some anions can serve as pro¬ 
moters or inhibitors in some physiological processes 
( ^9 )• For example nitrates were shovm to be generally 
effective as promoters in germination of seeds. As early 
as 1915 ( 50 ) Grassner reported that germination of 
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light sensitive seeds is accelerated by nitrates. In our 
experiment we discovered that nitrates promote chloro¬ 
phyll synthesis (Fig. 4). This investigation indicates 
also, that sulfates have a slight inhibitory effect when 
compared to chlorides (Fig, 3). This is in agreement with 
the work of Hayward and Long in 194l ( 50 ) who showed 
that the anatomical and physiological changes in tomato 
plants grown in nutrient solutions, salinized by Na2S04 
and MaCl, viere vastly different. Sodium sulfate retarded 
growth and development much more than sodium chloride. 
The results from other experiments ( 50 ) using iso- 
osmotic solutions shov^ed Cl” ions to be less harmful 
than SO^ to many plants such as, sugar beets, tomatoes, 
alfalfa and onion, 
B. Effect of Added Substrate: 
The regulation of chlorophyll synthesis can be 
also accomplished by controlling its initiating step 
{ 12 ), Ammonium may have an inhibitory effect in this 
initial step of chlorophyll formation ( 63 ). The amount 
of succinyl-CoA may be diminished due to the larger 
demand for carboxylic acids in ammonium-stimulated amino 
acid and amide synthesis ( 63 ). Therefore, an experi¬ 
ment was conducted in which samples treated v/ith ammonium 
ions were fed with succinate. Succinate at low, O.OOOIM, 
concentration diminishes the toxic effect of ammonium 
salts. As previously observed, succinate can serve as an 
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.donator of succinyl-CoA ( 10 ), Higher levels of succinate 
were inhibitory, possibly due to unfavorable pH or other 
conditions, presently unlmown. 
C. pH Effect; 
When ammonium salts serve as a nitrogen source for 
plants, there is a substantial pH decrease in the plant 
root environment since the absorption of ammonium ions 
is usually faster than that of anions ( 50 ). Under such 
conditions there is a toxic accumulation of ammonium 
ions in plant shoots. When the pH of the environment is 
buffered and brought to neutrality, the accumulation of 
ammonium in shoots does not occur ( ), since ammonium 
ions are incorporated in the organic nitrogen compounds 
preventing toxicity ( 7 ). We can conclude that by con¬ 
trolling pH of the plant nutrient solution the ammonium 
toxic effect on plant greening is reduced. However, v/hen 
the ammonium concentration is as high as O.IN, the degree 
of the injury is very high and irreversible and cannot be 
prevented by buffering. At this high concentration there 
is an additional inhibiting factor, high osmotic pressure, 
which cannot be influenced by any increase in pH, 
D. Age Effect; 
The ability of etiolated plants to survive in the 
dark depends partially upon the quantity of stored foods 
available to them ( 23, 42 ). Plants grown from storage 
roots, tubers or bulbs usually live longer in the dark 
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than do seedlings ( 13 )• Unless light is provided all 
higher plants sooner or later die. Investigation of the 
age effect on the susceptibility of plants to ammonium 
toxicity showed that a three day difference in age (6- 
and 9-day-old dark-grown seedlings) did not have any 
effect on ammonium toxicity of plants. Plants kept for 
15 days in darkness died and therefore did not yield 
any results. In these experiments, all studies v;ere 
completed with 6 to 7 day old seedlings. Age did not 
have any effect on the results of these experiments. 
E. Cycloheximide Effect: 
Chlorophyll synthesis can be also suppressed by 
such metabolic inhibitors as cycloheximide (Fig. 2). 
Previous experiments ( 14, 18 ) with greening cells 
exposed to the inhibitors of protein synthesis, indicate 
that cycloheximide (CHI) is a specific inhibitor of pro¬ 
tein synthesis by affecting the cytoplasmic ribosomal 
complex. It was found that apparently two sets of pro¬ 
teins, cytoplasmic and chloroplastic, are required for 
the production of fully functional disc membranes in the 
chloroplast ( 25, 30 )• 
Some results ( 14 ) suggest that CHI influences 
chlorophyll binding to the protein. This binding must 
occur after protochlorophyllide formation since Gassman 
and Bogorad ( 18 ) showed that CHI does not arrest the 
synthesis of protochlorophyllide in etiolated been 
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leaves. Also CHI does not seem to have any effect on 
5-amino levulinic acid synthetase ( 18 ) the first en¬ 
zyme in the biosynthetic sequence of chlorophyll forma¬ 
tion from succinyl-CoA and glycine. 
The purpose of using CHI vjas to provide a knovm 
inhibitor of greening to serve as a control in addition 
to the water control. 
2. Photosynthesis. 
Ammonium ions are known to inhibit photosynthesis 
in isolated chloroplasts ( 39, ) and in intact leaves 
( 4l ) by uncoupling photopliosphorylation, but potassium 
ions at concentrations less than O.IN do not inhibit 
photosynthesis ( 39 ). In our experiments the photosyn¬ 
thetic rate parallels the changes in chlorophyll content. 
It has already been shown by Puritch and Barker ( 40 ) 
that ammonium nutrition of tomato plants disrupts the 
membrane structure of chloroplasts through constant loss 
of chlorophyll and consequently causes a sharp reduction 
in photosynthetic rate. As these results have shown 
(Table 2) oxygen evolution is inhibited by O.OIN NH^ 
salts. It appears that the inhibition of photosynthetic 
oxygen evolution rate might be a consequence of decreased 
chlorophyll production. 
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3» Respiration. 
Experiments with animal tissues, show that the 
toxic effect of ammonium ions on respiration processes 
result in lov/er oxygen consumption ( 32 ). An increased 
ammonium level causes a loss of ^-ketoglutarate, 
breaking the cycle, thereby decreasing oxygen uptake: 
pyruvate 
1 
oxaloacetate 
malate 
fumarate 
succinateglutamate 
glutamine 
Fig. 8. Krebs Cycle . (scheme) 
A high level of glutamate and glutamine is main¬ 
tained under high ammonium levels ( 32 ). 
Experiments with plant material ( 9 ) and our 
i 
results (Table 4) showed that the respiratory oxygen 
consumption rate of samples treated with high ammonium 
concentrations increases markedly. It appears that 
repiration was accelerated by the excess of ammonium 
ions resulting in the formation of amino acids (such as 
citrate 
c(-ketoglutarate 
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alanine, aspartate, glutamate and glutamine) from 
o(~ketocarboxylic acids. 
NH. 
asparagine 
aspartate 
pyruvate ^ alanine 
oxaloacetate 
NH 
3 
o(~ketoglutarate 
glutamate 
ATPJ^NH^ 
glutamine 
Fig. 9. Krebs Cycle.(scheme) 
Removing c<~ketocarboxylic acids from the Krebs cycle 
(Fig. 9) did not stop the Krebs cycle but accelerated 
the reaction in order to replenish used acid. Therefore, 
the utilization of oxygen v/as also increased. 
4, Proteins. 
As emphasized in the literature, ammonium salts 
may have a specific toxic effect on protein formation 
( 47, 45, 48 ). Our present results suggest that ammonium 
does not have any specific inhibiting effect as far as 
total insoluble~N is concerned; however, the amount of 
soluble nitrogen fraction for O.IN concentration of 
ammonium salts increases v;ith time. Since the amount of 
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protein at the end of the experiment in cycloheximide 
treated plants is much lower than at the begining, we 
can assume that the degradation process of proteins 
already formed under dark conditions occurs. In the 
ammonium treated samples as compared with v;ater and cyclo- 
hexiraide degradation does not exceed synthesis, since 
according to our results, the protein content remained 
at the same level throughout 48 hrs of the experiment. 
It is a well documented fact that ammonium is 
toxic to plants since it uncouples photophosphorylation, 
which reduces ATP formation required for protein syn¬ 
thesis, which in turn is required for chlorophyll for¬ 
mation. Our results, hovjever, shov/ that O.OIN ammonium 
salts are toxic to plants allovjed to germinate for six 
days (Table 1?) - when there is no requirement for 
photosynthesis yet. Also chlorophyll formation in ammo¬ 
nium treated seedlings is suppressed (Table 17). There¬ 
fore we conclude that ammonium is toxic to germinating 
seedlings causing inhibition of chlorophyll formation 
thereby resulting in decreased photosynthesis. 
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SUMMARY 
In conclusion, it appears that ammonium ions have 
a specific effect on some physiological processes con¬ 
nected with the germination of cucumber seeds. Ammonium 
salts, irrespective of the anions, inhibit germination 
at a concentration of O.OOIN and higher. The most signifi¬ 
cant influence was a decrease in chlorophyll formation. 
However, other physiological processes such as photosyn¬ 
thetic oxygen evolution was also suppressed, but the 
suppression appeared to be a consequence of the inhi¬ 
biting effect on chlorophyll formation. 
It also seems that ammonium does not have any spe¬ 
cific effect on total protein synthesis. 
It is also evident that ammonium accelerates respi¬ 
ration, As v;as already mentioned by some authors ( 53» 
5^f 55 )» our results agree, CO2 evolution is stimu¬ 
lated when ammonium in high concentration of 0,1N was 
applied. Since there is a large requirement for -keto- 
+ , , 
carboxylic acids to incorporate the excess 10ns and 
prevent their accumulation, an increase in respiration 
occurs, 
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Ammonium salts always impart some degree of perma¬ 
nent injury to developing seedlings. On the other hand, 
the effect of potassium salts was fully reversible except 
for O.IN concentration. 
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